Two cases of nontraumatic cerebrospinal fluid rhinorrhea were presumed to be an indirect manifesta tion of brain tumor. One patient had a parietal convexity meningioma and the other a cerebello pontine angle neurinoma.
Introduction
Brain tumors that directly invade the nasal cavity sometimes cause cerebrospinal fluid (CSF) rhinor rhea.') However, CSF rhinorrhea as a manifestation of a remote brain tumor has rarely been documented in the literature.2,a-'s," ) We encountered two in stances of CSF rhinorrhea via the base of the frontal fossa, each of which occurred after excision of a tumor that had not invaded the nasal cavity. One was a parietal convexity meningioma and the other was a cerebellopontine angle neurinoma. The litera ture concerning CSF rhinorrhea as an indirect mani festation of brain tumor is reviewed and its patho genesis is discussed.
Case Reports
Case 1: A 49-year-old female was admitted to our hospital on July 29, 1971 , following the sudden onset of Jacksonian epilepsy. The seizure started at the left upper extremity and eventually spread to the entire body. After the first convulsion, she noted weakness of the left upper and lower extremities. She had several seizures on the day of admission.
The general physical examination was normal ex cept for slight kyphosis of the thoracic spine. The neurological examination revealed slight left hemi paresis without spasticity and diminished sensation in the left lower extremity. A fundoscopic examina tion disclosed advanced bilateral papilledema. Plain skull films showed erosion of the sellar floor, a sign of long-standing elevated intracranial pressure (Fig.  IA) , and hyperostosis of the right parietal region. Carotid angiograms indicated a sunburst configura tion in the right parietal convexity; it was supplied by the external and internal carotid arteries and cor responded to the hyperostotic area (Fig. 1B) . A brain scan revealed a positive isotope accumulation in the same area.
A right parietal craniotomy was performed on August 17, 1971. Marked bleeding occurred while making the free bone flap, which encompassed the hyperostotic area. The tumor was round, soft, elastic, and bloody and measured approximately 5 cm in diameter. It was fairly well demarcated, from the surrounding edematous brain. Some portions of the mass adhered to the dura, and it was removed en bloc with the dura. The histological diagnosis was meningotheliomatous meningioma with occasional whorls and psammoma bodies.
During the uneventful postoperative course the left hemiparesis and papilledema gradually subsided. However, one month after surgery she noticed a wa tery rhinorrhea, which spontaneously disappeared after a few days. During 1975 she developed spo radic nasal discharge that spontaneously appeared and disappeared, but refused medical examination. She was readmitted on July 15, 1979, when she de veloped headache, fever, and confusion, on suspi cion of meningitis caused by CSF rhinorrhea.
On her second admission she was febrile and con fused with nuchal stiffness and Kernig's sign. How ever, the remaining neurological examinations were normal. The CSF obtained by lumbar puncture was turbid, with a cell count of 8960/mm' (polymorpho nuclear leukocytes, 86%; lymphocytes, 14%). The CSF contained 1340 mg/dl of protein and showed a strong, positive globulin reaction. The glucose was 17 mg/dl. The CSF culture yielded a-Streptococcus. Aminobenzyl penicillin was administered at 16 gm daily for 2 weeks and then at 8 gm daily for one ad ditional week, after which the CSF cell count re turned to normal. Plain skull films and tomograms disclosed no fistulas at the base of the skull. Radio isotope cisternography also failed to reveal the cul pable fistula, but large amounts of radioisotope were collected on a cotton pledget in the left nasal cavity. After her complete recovery from the menin gitis she was prepared for surgical repair of the CSF fistula. Throughout her second admission she was afflicted with a perplexing, severe cough.
A bifrontal craniotomy was performed on Sep tember 20, 1979. All procedures were performed via the intradural route. One fistula was found in the left cribriform plate and another at the right orbital roof, 1.5 cm to the right of the midline (Fig. 2) . Each was about 2 mm in diameter. Portions of brain tissue had herniated into both fistulas. A patch consisting of falx plus embedding muscle was used to close the left fistula. The fistula of the right orbital roof was closed with a small piece of fascia lata. Finally, the entire frontal base was covered with a large piece of fascia lata.
The patient recovered uneventfully and had no fur ther CSF leakage. Her severe cough subsided immedi ately after surgery. Six years after the second opera tion, the only sequela is anosmia. Case 2: A 37-year-old male with a right-side hearing disturbance of nearly 12 years' duration experienced sudden onset of right tinnitus on January 4, 1978. Eighteen months later, following an otological ex amination, he was referred to our department for surgical management of an intracranial tumor.
The general physical examination was normal. The neurological examination revealed marked hearing disturbance and slight peripheral facial paresis on the right side. In the neuro-otological examination the caloric test disclosed palsy of the right canal. The routine laboratory investigation was normal. The CSF contained a high protein level (204 mg/dl) but a normal cell count (1 /mm3). The intracranial pressure was normal, with an opening pressure of 140 mmH2O. Plain skull films and tomograms disclosed erosion and widening of the right internal auditory meatus. Computed tomography revealed a mass at the right cerebellopontine angle, which was marked ly enhanced by contrast media (Fig. 3A) . The cere bral sulci were not visible and the lateral and third ventricles were slightly dilated, presumably due to increased intracranial pressure (Fig. 3B ). Vertebral angiography indicated medial deviation of the right anterior inferior cerebellar artery, without tumor staining.
A right suboccipital craniectomy was performed on July 24, 1979. Exposure of the cerebellopontine angle revealed a soft, yellowish mass, from which a yellowish fluid was aspirated through a needle. The tumor was totally removed piece by piece under an operating microscope.
On the third postoperative day, the right facial paresis worsened slightly. A watery rhinorrhea was noted on the fourth postoperative day and he com plained of frequent coughing. Radioisotope cisterno graphy revealed abnormal accumulation of isotope in the right nasal cavity, although neither tomo grams of the base of the skull nor computed tomog raphy disclosed fistulas.
The patient underwent a right frontotemporal craniotomy on August 30, 1979. Intradural observa tion of the frontal base revealed a fistula measuring about 2 mm in diameter in the right cribriform plate (Fig. 4) . The fistula was filled with Aron-a and then closed with the dural flap. The site of the previous suboccipital craniotomy was reopened in a search for additional fistulas. However, none were found in the right posterior cranial fossa or internal auditory meatus.
The CSF rhinorrhea ceased immediately after the second operation and the cough disappeared. Six years postoperatively he remains well except for right hearing loss and slight facial paresis. 
Discussion
Ommaya et al.') pathophysiologically classified non traumatic (spontaneous) CSF rhinorrhea into that as sociated with high CSF pressure and that occurring with normal CSF pressure. In the presence of ele vated pressure, CSF rhinorrhea is most often caused by tumor or hydrocephalus.
Patients in whom an intracranial tumor has destroyed the base of the skull contiguous to the nasal cavity (such as occurs with pituitary adenoma and olfactory groove meningi oma) occasionally develop CSF rhinorrhea before and/or after surgical removal of the tumor.') On the other hand, intracranial tumors remote from the frontal base rarely cause CSF rhinorrhea,$) the in cidence being about 1 % of all cases of CSF rhinor rhea. 16'
In 1926 Locke4) reviewed six reported cases of spontaneous CSF rhinorrhea due to remote tumors and described one of his own. In our review of the literature we found 11 additional case descriptions. All of these cases, as well as our two, are summarized in Table 1 . In 13 of these patients, the initial symp toms were signs of tumor; spontaneous CSF rhinor rhea was the presenting symptom in six. Seven pa tients died of purulent meningitis secondary to CSF rhinorrhea and one succumbed to pulmonary em bolism after the second surgery for repair of the CSF leak.') In 12 cases the CSF leaks were successfully repaired: in eight the rhinorrhea stopped after the repair operation; in two it resolved spontaneously the brain tissue then shrinks away from the fistulas, allowing the development of CSF rhinorrhea. In Rovit's two cases spontaneous resolution of the rhinorrhea after tumor removal nullified the necessi ty for identification of the site(s) of the CSF leak. It may be interpreted that high CSF pressure abruptly dropped after the tumor removal and subsequently the fistula was somehow plugged by surrounding tissue. The fistula producing the CSF leak was identified at surgery or autopsy in 16 of the 20 cases listed in Table 1 . The site most often affected was the cribriform plate (nine cases), followed by the base of frontal fossa (three cases); in two cases both sites were involved.
Rare sites of CSF leakage included the floor of an empty sella in the presence of a bilateral cerebellopontine angle cholesteatoma12) and the roof of the sphenoid sinus, which contained a meningoencephalocele.13I In our two cases, the fistulas were confirmed to be small foramina measur ing about 2 mm in diameter. Two were located in the lamina cribrosa and one in the frontal fossa. 
